Lung cancer is the leading cause of cancer-related death in developed countries. Non-small cell lung cancer (NSCLC) represents 80% of the total lung cancer cases and is comprised of adenocarcinoma, adenosquamous carcinoma, squamous cell carcinoma and large cell carcinoma (LCC) subtypes. The ability of LCC to metastasize earlier than the other forms of lung cancer suggests anti-angiogenic drugs as effective agents to combat this cancer. Thalidomide is an anti-angiogenic drug that has shown promise in multiple hematological diseases, and myeloma and other cancers. However, the molecular mechanism by which thalidomide exerts its effects is poorly understood. Therefore, we evaluated the effectiveness of thalidomide on NSCLC cell growth, and found that LCC cells were growth inhibited by 40--60%. This effect seemed specific to LCC cancer cells, since other forms of NSCLC were only mildly affected by thalidomide. At the molecular level, thalidomide increased peroxisome proliferator-activated receptor gamma (PPARg) protein dose-dependently, and peroxisome proliferator response element activity. Further, thalidomide treatment of LCC cells decreased nuclear factor kappa B activity in a dose-dependent fashion, increased apoptosis and decreased the expression of angiogenic proteins. In our mouse xenograft model of lung cancer, we found that intratumoral thalidomide caused a 64% decrease in tumor growth; moreover, tumors from the thalidomide-treated mice expressed higher PPARg, than tumors from control mice. This study shows the antitumor activity of thalidomide against LCC tumors and suggests a model in which thalidomide exerts its antitumor effects on LCC cells through the induction of PPARg and subsequent downstream signaling. To our knowledge, this is the first study to show a link between thalidomide and PPARg.
Introduction
Lung cancer mortality accounts for over 157 000 deaths per year, making it the leading cause of cancer-related death in developed countries (1) . The most common form of lung cancer, non-small cell lung cancer (NSCLC), represents~8 0% of the total cases and comprises four subtypes, namely adenocarcinoma, adenosquamous carcinoma, squamous cell carcinoma and large cell carcinoma (LCC) (2) . Of these subtypes, LCC tumors, classified by a complete lack of any differentiation markers, generally grow and metastasize at an earlier stage than other forms of NSCLC (2) . Considering the high metastatic rate of this type of lung cancer, prognosis is poor, with a 10--15% 5-year survival rate. Since tumor growth and metastasis are angiogenesis-dependent, attempts have been made to target tumor vasculature through the use of anti-angiogenic drugs, some of which are now in phase I--III clinical trials (3, 4) .
Thalidomide is an anti-angiogenic (5) and immunomodulatory (6) drug that was first marketed in Europe in the late 1950s for the treatment of pregnancy-associated morning sickness. It subsequently was withdrawn in the 1960s when it was discovered that women who took this drug in their first trimester gave birth to children with severe malformations in the limbs and internal organs (7) . The return of thalidomide as a therapy in cancers and infections stems from its broad array of anti-inflammatory and anti-angiogenic effects, as demonstrated in diseases such as HIV, Crohn's disease and leprosy, and cancers such as myeloma (6,8--10) .
The cellular target and mechanism of action of thalidomide are poorly understood, but it has been reported in myeloma to suppress angiogenic factors such as vascular endothelial growth factor (VEGF), and inflammatory genes such as tumor necrosis factor alpha (TNF-a) and interleukin-6 (IL-6) (6, 8) .
Proliferator-activated receptors (PPARs) are members of the nuclear hormone receptor superfamily of ligand-activated transcription factors (11, 12) . PPARs heterodimerize with the retinoid X receptor (RXR), and, upon binding to peroxisome proliferator response elements (PPREs) located in the promoter region of target genes, regulate the expression of genes associated with lipid metabolism and adipocyte differentiation. Additionally, PPARs have been shown to regulate inflammatory responses by antagonizing nuclear factor kappa B (NFkB) and activator protein 1 (AP-1) signaling pathways (13--15) . To date, three PPAR subtypes have been isolated and named PPARa, PPARb and PPARg (12) . Each of these subtypes has distinct tissue distribution and is encoded by a separate gene. Of the three subtypes, PPARg expression has been suggested as a potential marker for lung cancer (16) . It has been shown that, upon addition of PPARg selective agonists to lung cancer cells, growth was inhibited through induction of differentiation and apoptosis (17, 18) . Additionally, decreased PPARg expression has been correlated with poor prognosis in patients with lung cancer, suggesting that this gene may be lost as lung cancer progresses (16) .
Because LCC metastasizes earlier than other forms of NSCLC, metastasis is an angiogenesis-dependent process, and thalidomide is an anti-angiogenic drug, we evaluated thalidomide as a candidate drug for this solid tumor. We hypothesized that thalidomide would be an effective anticancer drug in LCC and that its anticancer properties would be mediated through PPARg. We used in vitro and in vivo approaches to address the mechanism of action.
Materials and methods
Cell growth studies NSCLC cell lines (NCI-H1299, NCI-H460, A-549, NCI-H661, NCI-H520, NCI-H596, NCI-H522) were purchased from ATCC (Manasses, VA). Normal bronchial epithelial lung cells were purchased from Cambrex (Walkersville, MD) and grown in BEGM defined medium (Cambrex, Walkersville, MD). NSCLC cell lines were maintained in RPMI media þ 5% FBS in a 37 C, 5% CO 2 incubator. For the growth studies of the primary normal cells and each cell line, 1000 cells were plated in 96-well plates and maintained in RPMI media supplemented with 2 mM L-glutamine, 100 U/ml penicillin, 100 mg/ml streptomycin and 5% heat-inactivated FBS (all from Invitrogen, Carlsbad, CA). Thalidomide 1 mg/ml (Calbiochem, San Diego, CA) or vehicle was added daily and complete media changes were performed every 48 h. At the end of 8 days, cell growth was measured by the WST-1 colorimetric assay (Roche, Indianapolis, IN). In this assay, the tetrazolium salt WST-1 is cleaved by mitochondrial dehydrogenases in viable cells producing formazan, whose dark red color can be measured spectrophotometrically at 440 nm. Three independent experiments were conducted and averages and standard error calculated based on these findings. Data are reported as percent inhibition in cell growth, as compared with vehicle-treated controls.
Western analysis 5 Â 10 5 NSCLC cells were plated in 6-well dishes (Corning, Corning, NY), and after attachment treated daily with varying doses of thalidomide or vehicle control. After 48 h, whole cell lysates were prepared by scraping cells in lysis buffer (1% SDS, 10 mM Tris pH 7.4), sonicating extracts (level 2, pulse 10 s, rest 5 s; three cycles per sample), and centrifuging (35 min 14 000 r.p.m.) at 4 C. Protein concentration was detected by the Bio-Rad Protein Assay dye, using IgG as a standard (Bio-Rad, Hercules, CA). For each cell line, 60 mg protein was electrophoresed on a 10% Bis--Tris Novex minigel (Invitrogen). After transfer, blots were probed with 1:1000 rabbit polyclonal PPARg, 1:1000 cyclooxygenase 2 or 1:1500 mouse actin (Santa Cruz, Santa Cruz, CA). Secondary antibody (goat anti-rabbit IgG-HRP or goat anti-mouse IgG-HRP) was used at 1:2000. Detection was performed using enhanced chemiluminescence according to the manufacturer's instructions (ECL; Pierce, Rockford, IL). Densitometry was performed using the alpha imager 3.24 program. Results are reported as means of three experiments, normalized to actin.
Cell transfections/reporter assays A549, NCI-H1299 and NCI-H460 cells were seeded in RPMI media þ 10% FBS in 6-well dishes and allowed to grow to 50% confluence. Following removal of growth medium, A549 and NCI-H460 cells were transfected with 1.2 ml of serum-free media containing 1 mg of the luciferase reporter construct PPRE 3 -TK-LUC (a gift from Dr R.M.Evans), TK-LUC (gift from Dr R.M.Evans), pTAL-NFkB-Luc (Clontech, Palo Alto, CA), or pTAL-Luc (Clontech) expression vector and 1 ml of Superfect (Qiagen, Valencia, CA). NCI-H1299 cells were treated similarly, except cells were transfected with media containing serum, since removal of all serum drastically changed the phenotype of the cells. After 5 h, the transfection mix was replaced with medium (containing 10% FBS) with or without increasing doses of thalidomide. After 24 h, cell lysates were prepared and luminescence was detected using the protocol from the Luciferase Assay System (Promega, Madison, WI). Briefly, attached cells were rinsed in PBS, harvested in 1Â lysis buffer, pelleted through a brief centrifugation, and supernatants transferred to a microfuge tube. A total of 20 ml of cell lysate and 100 ml of Luciferase Assay reagents were mixed and transferred to a 96-well plate. Luminescence was measured using a Tropix microplate luminometer. Some wells were treated with 10 mM troglitazone (Biomol, Plymouth Meeting, PA) as a positive control for PPRE activity. Data are reported as the average of three independent experiments.
Apoptosis assay 1 Â 10 6 NCI-H1299 and NCI-H460 cells were treated with 1 mg/ml thalidomide for 24 h and apoptosis was assessed using Annexin V-FITC staining (BD Biosciences, Palo Alto, CA) per manufacturer's instructions. Briefly, cells were washed twice with cold PBS, and resuspended in 1Â binding buffer at a concentration of 1 Â 10 6 cells/ml. One hundred microliters of cells were transferred to a 5 ml culture tube, 5 ml of Annexin V-FITC and 5 ml of propidium iodide were added, samples were vortexed and incubated for 15 min at room temperature in the dark. A total of 400 ml of 1Â binding buffer was added to each tube and samples were immediately analyzed by flow cytometry.
FACS analyses were performed on the FACS Calibur (BD Biosciences, San Jose, CA) with CellQuest software (BD Biosciences) for acquisition and analysis of data.
In vivo experimentation
Twenty-four 4--6-week-old Female Balb/c nude mice were injected with 1 Â 10 6 NCI-H1299 cells (suspended in 0.1 ml PBS) in the rear left flank. Ten days after administration, 20--30 mm 3 tumors were apparent on all mice. At this time, animals were divided into four groups (n ¼ 6) and intratumorally received either vehicle [dimethyl formamide (DMF)], or thalidomide (2, 20 or 200 mg/kg) dissolved in DMF. Mice were treated twice per week for 3 weeks with thalidomide (or vehicle) and tumor growth was measured at each time of treatment with calipers. Tumor volume was calculated using the formula
, where a is the length and b is the width of the tumor.
Immunohistochemical analysis of PPARg protein
At the conclusion of the in vivo experiment, tumors were excised from mice and stored in 10% formalin. Tissues were paraffin-embedded (Molecular Histology, Montgomery Village, MD) and PPARg immunolabeling was performed as follows. After deparaffinization and blocking of endogenous peroxidase in hydrogen peroxide/methanol, 5 mm tissue sections were microwaved in 10 mM citrate buffer ( pH 6.0) for 12 min for antigen retrieval. The sections were then blocked for 1 h in 1.5% horse serum and incubated overnight with 1:200 mouse polyclonal PPARg (E8) antibody (Santa Cruz, CA). Antibody binding was visualized by the avidin--biotin complex technique (Vector Laboratories, Burlingame, CA).
Protein array 1 Â 10 6 NCI-H460 or NCI-H1299 cells were plated in 6-well dishes, and after attachment treated with 1 mg/ml thalidomide or vehicle control. After 48 h, 1 ml of supernatant was collected from cells and a human cytokine protein array (Raybiotech, Norcross, GA) was assayed according to manufacturer's instructions. Briefly, cytokine membranes were blocked in 1Â blocking buffer for 30 min. After blocking, 1 ml of sample was added to membranes and allowed to incubate for 1.5 h. Membranes were washed and 1 ml of biotinconjugated anti-cytokine antibody mix was added to membranes, and allowed to incubate for 2 h. After membrane washing, 2 ml of diluted HRP-conjugated streptavidin was added. After a 60-min incubation, followed by washing, detection was performed using enhanced chemiluminescence.
Results

Growth inhibition of NSCLC cells by thalidomide was subtype specific
To study the effect of thalidomide on NSCLC cell growth, cells were treated with 1 mg/ml thalidomide or vehicle control for 8 days. As shown in Figure 1a , after 8 days of treatment, cell proliferation was reduced 40--60% in the three LCC cells that were tested. This is in contrast to the adeno-and squamous-cell carcinoma cell lines, in which the reduction in cell proliferation after 8 days of treatment was much less (Figure 1b) . Interestingly, no significant reduction in growth inhibition was observed in the primary normal human bronchial epithelial (NHBE) cells.
Thalidomide significantly increased PPARg protein expression in all LCC cell lines
To assess the effect of thalidomide on PPARg protein expression, western analysis was performed on cell lysates from thalidomide-treated LCC cells. In all LCC cells, PPARg protein expression was lower than in normal primary bronchial epithelial cells. This reduction was specific to the PPARg1 isoform since PPARg2 is expressed in normal lung cells. After 48 h of incubation of LCC cells with thalidomide, the PPARg1 isoform was increased in all LCC cells (Figure 2a) , with the highest dose being comparable with those found in the NHBE cells. Densitometry analysis of these cells showed this effect to be dose-dependent (Figure 2b ). Thalidomide also induced the PPARg2 isoform in a dose-dependent fashion. This increase in PPARg expression was specific to the LCC cell lines, and not observed in the adeno-and squamous cell carcinoma cells (data not shown).
Thalidomide significantly increased PPRE reporter activity in LCC cell lines, but not in A549 adenocarcinoma cells To assess whether the PPARg induction by thalidomide had functional consequences, a PPRE reporter assay was performed. We found that in both LCC cell lines tested, thalidomide increased PPRE reporter activity in a dose-dependent manner, with the highest dose (100 mg/ml) yielding 2.5--3 times the activity of TK controls (Figure 3a and b) . This highest dose was comparable with the PPARg selective agonist, troglitazone, which served as a positive control. In sharp contrast, no differences were found in PPRE reporter activity in A549 adenocarcinoma cells transfected in a similar manner (Figure 3c ). In this cell line, troglitazone (selective PPARg agonist) still increased PPRE activity, suggesting that the lack of effect in the thalidomide-treated cells was not due to assay conditions. Thalidomide inhibits the growth of LCC cells, but has minimal effect on adeno-and squamous cell carcinoma cell growth. 1000 LCC cells (NCI-H460, NCI-H661, NCI-H1299) were plated in 96-well plates and maintained in RPMI media supplemented with 2 mM L-glutamine, 100 U/ml penicillin, 100 mg/ml streptomycin and 5% heat-inactivated FBS in a 37 C, 5% CO 2 incubator. Thalidomide 1 mg/ml or vehicle was added daily and complete media changes were performed every 48 h. At the end of 8 days, cell growth was measured by the WST-1 colorimetric assay (a). 1000 adeno-or squamous cells were treated in a similar fashion to the LCC cells, and growth inhibition measured by WST-1 reagent (b). Primary NHBE cells were also treated to ensure that thalidomide did not affect the growth of normal lung cells.
Effect of thalidomide on NSCLC cell lines 24 h, a dose-dependent decrease in NFkB expression was seen, with the highest dose of thalidomide having 2.5--3 times lower NFkB activity (Figure 4a and b) . This decrease in NFkB activity was not found in the A549 adenocarcinoma cells (Figure 4c ), even though A549 cells treated with 10 mM troglitazone did have a reduction in the NFkB reporter activity.
Thalidomide increased apoptosis in LCC cell lines, but not in A549 adenocarcinoma cells NFkB is a pro-survival factor in cancer cells, and because we found that thalidomide blocks NFkB activity, we tested whether thalidomide could induce apoptosis in LCC cells. Annexin V staining and FACS analysis was performed on cells treated with 1 mg/ml thalidomide (or vehicle) for 24 h. As demonstrated in Figure 5a Figure 5b ). There was no significant difference (P 5 0.01) in apoptosis in A549 cells (data not shown).
Thalidomide treatment of LCC cells decreased inflammatory and angiogenic proteins
To assess whether thalidomide was an anti-angiogenic factor for lung cancer, a human cytokine protein array was conducted in thalidomide treated versus control cells. NCI-H460 and NCI-H1299 LCC cells were treated with 1 mg/ml thalidomide (or vehicle control) and supernatant collected after 48 h. As seen in Figure 6a , NCI-H460 cells treated with thalidomide had lower growth-related oncogene (GRO), epithelial cell derived-neutrophil activating peptide-78 (ENA-78) and angiotensin levels. In NCI-H1299 cells treated with thalidomide, the angiogenic cytokine IL-8 was significantly lower than in a b c Fig. 3 . Thalidomide significantly increases PPRE reporter activity in LCC cell lines, but not in A549 adenocarcinoma cells. NCI-H460 (a), NCI-H1299 (b) and A549 (c) cells were transfected with PPRE 3 -TK-LUC expression vector and 1 ml of Superfect for 5 h. After transfection, media AE thalidomide was added. After 24 h, luminescence was detected in cell lysates using the Luciferase Assay System. Some wells were treated with 10 mM troglitazone as a positive control for PPRE activity. (Figure 6b ), restoring the levels to the undetected levels found in the NHBE cells.
Intratumoral injection of thalidomide reduced NCI-H1299 tumor growth
To assess whether in vivo thalidomide could decrease lung cancer growth, 24 female nude mice were injected with 1 Â 10 6 NCI-H1299 cells according to the timeline shown in Figure 7 . Ten days after injection, tumor formation was seen in all mice and treatments were initiated. As displayed in Figure 8a , there was no difference between vehicle-treated mice and those treated with the lowest dose of thalidomide (2 mg/kg). Mice treated with 20 mg/kg thalidomide had a 20% reduction in tumor growth, and mice treated with the highest dose (200 mg/kg) had growth inhibition of 64% (Figure 8b) . No toxicity was found in mice treated with any of the doses of thalidomide (data not shown).
Intratumorally injected thalidomide increased PPARg protein in mouse tumors
To examine whether mouse tumors had higher immunolabeling of PPARg protein, immunohistochemistry on excised tumors was performed. At the time of death, mouse tumors were excised, stored in 10% formalin, paraffin-embedded and sectioned (5 mm sections) for immunolabeling of PPARg protein. As shown in Figure 9 , there is a large increase in PPARg protein expression in the 200 mg/kg thalidomidetreated mice compared with control tumors that had almost no PPARg expression. Two sections from two different animals are displayed.
Discussion
Despite recent advances in novel chemotherapeutic agents for the treatment of NSCLC, as well as in the understanding of the molecular basis of this disease, the number of deaths due to lung cancer is still greater than for any other form of cancer (1) . The very poor (10--15%) 5-year survival rate is primarily due to a high rate of metastasis. Of the four subtypes of NSCLC, LCC has been shown to follow an extremely aggressive clinical course, growing and metastasizing earlier than other NSCLC histological subtypes (2) . Since the growth and metastasis of a neoplasm is dependent on adequate vascular support to sustain proliferation, survival and spread of the malignant cells, tumor growth and metastasis are considered to be angiogenesis-dependent. Therefore, therapeutic strategies aimed at inhibiting angiogenesis are theoretically attractive.
Thalidomide is an anti-angiogenic and anti-inflammatory drug that has proven effective in various inflammatory diseases and cancers, and is beginning to be evaluated as an agent against the growth of solid tumors. However, to date, the mechanism of action by which thalidomide exerts its effects is poorly understood. Some have suggested that thalidomide exerts its effects through the down-regulation of Effect of thalidomide on NSCLC cell lines tumor-released signaling molecules that stimulate angiogenesis. These molecules include IL-6, bFGF, VEGF and TNF-a (5, 19) . Others believe thalidomide increases cell adhesion molecules (20) , suppresses COX-2 activity (21) or alters cytokine expression (22) . In this manuscript, we report that thalidomide inhibition of growth does not affect all NSCLC cells but is rather specific to LCC cells. Indeed, whereas LCC cells were largely inhibited after 8 days of treatment, adeno-, adenosquamous and squamous cell carcinomas were only mildly affected. At the molecular level, we focused on PPARg, a member of the nuclear hormone receptor superfamily whose expression is abundant in normal lung tissue, but often lacking in lung cancer tissues (16) .
It has been documented previously in lung cancer cells that PPARg-selective agonists such as ciglitazone and PGJ2 can inhibit growth of NSCLC cells through the induction of apoptosis, promotion of differentiation and the down-regulation of cell cycle proteins such as Cyclin D1 (17, 18) . Because we have seen that the PPARg-selective agonist troglitazone is also effective at inhibiting growth of NSCLC cells, and morphologically seems to differentiate the cells, we used this as a positive control in our studies. PPARg is present in two isoforms, PPARg1 and PPARg2, resulting from alternate promoter usage. Structurally, PPARg2 contains an additional 30 aa at the N-terminal end relative to PPARg1. Each of these two isoforms has specific function and tissue distribution. PPARg1 is expressed in many tissues, but the expression of PPARg2 is limited exclusively to adipose tissue where it has been shown to play a key role in adipogenesis (23) . In our study we found that PPARg1 expression was lower in LCC cells than in primary NHBE cells. Moreover, thalidomide increased the level of this isoform in a dose-dependent manner in LCC cells, with the highest dose increasing the level of expression to that of the NHBE cells (Figure 2a ). This PPARg was functional, as demonstrated through a PPRE reporter assay ( Figure 3 ). As expected, the primary NHBE cells do not express PPARg2, but the expression of this isoform can be forced upon thalidomide treatment. Others have suggested that forced expression of either PPARg1 or PPARg2 promotes differentiation along the adipocyte lineage (23) and this differentiation seems to be found in responding tumor cells (24) . Although we did not measure adipocyte-specific genes and the accumulation of lipid, it is possible that our tumor cells are being differentiated toward this phenotype. Unlike the LCC cells that lose their expression of PPARg compared with NHBE cells, the adenocarcinoma cells normally contain measurable amounts of both PPARg1 and PPARg2 (data not shown); this, possibly explains why these cells are not as responsive to thalidomide treatment.
Consistent with the fact that PPARg blocks inflammatory responses by antagonizing NFkB and AP-1 signaling pathways (13--15), we found that the induction of PPARg expression due to thalidomide treatment was correlated with a dose-dependent inhibition in NFkB activity (Figure 4) . In contrast, untreated LCC cell lines had very high NFkB activity due to the inflammatory response that accompanies this cancer (Figure 4) , agreeing with previously reported literature (25) . Since it is well known that NFkB activation is a pro-survival phenomenon used by cancer cells to avoid apoptosis, we studied whether the addition of thalidomide increases apoptosis in our LCC cells. We found that in both cell lines, thalidomide treatment could induce apoptosis (Figure 5 ), although the level of apoptosis induction is probably not great enough to account for the total growth inhibition that we have found in the LCC cells. Thalidomide has been shown in hematologic diseases, such as myeloma, to decrease neoplastic cell growth by altering some of the pro-inflammatory cytokines such as TNF and IL-6. Whereas we failed to detect differences in pro-inflammatory cytokines upon thalidomide treatment (Figure 6a ), we did find that one angiogenic cytokine (IL-8) in the NCI-H1299 LCC cell line, and three angiogenic cytokines in the NCI-H460 cells (Ang, GRO and ENA-78) were down-regulated in thalidomide treated cells. This is important because ENA-78 and IL-8 have both been found to be elevated in NSCLC, consistent with the high vascularity of this cancer, and neutralizing ENA-78 and IL-8 antibodies have been shown to decrease tumor growth, vascularity and spontaneous metastasis (26, 27) . Additionally, we did find that thalidomide down-regulated the strong COX-2 expression that accompanies NSCLC (Figure 6b ). This is noteworthy because COX-2 is believed to be involved in the invasiveness of NSCLC, as well as in resistance to apoptosis (28) . Moreover, over-expression of COX-2 in NSCLC has been linked to poor prognosis for this disease (28) . It has been documented that COX-2 modulates production of angiogenic factors in colon cancer cells (29) , and therefore blocking this inflammatory agent may prevent angiogenesis and stimulate immune surveillance and apoptosis. In macrophages (30) , thalidomide can decrease the expression of COX-2. Our data support that this is also true for LCC cells.
In our in vivo experimentation, we found that intratumoral injection of thalidomide (using the highest concentration tested) resulted in a 64% reduction in tumor growth (Figure 8 ), accompanied by decreased vascularity (observation). To confirm that some of this growth inhibition may be correlated with an elevated level of PPARg, immunohistochemical analysis of PPARg was performed on excised tumors. In control tumors, we barely found any detectable levels of PPARg (Figure 9 ). In contast, thalidomide-treated tumors showed significantly more staining than control tumors, which correlates well with our in vitro western data ( Figure 2) . As a control, we have tested normal bronchial tissue and found a significant number of PPARg-positive cells, mainly in luminal position (data not shown), suggesting that the induction of PPARg by thalidomide may be restoring the normal phenotype.
This work implicates thalidomide as being involved in the PPARg pathway, and suggests that thalidomide mediates some of the effects of PPARg in LCC cells. To our knowledge, this is the first report of a link between thalidomide and PPARg. Whether thalidomide acts as a direct ligand for PPARg or indirectly through other proteins has yet to be elucidated. Thus, this work may further help to identify one possible mechanism by which thalidomide exerts its anticancer effects, as well as define new molecular targets in the treatment of lung cancer.
Tumor from TD treated mouse Tumor from TD treated mouse Tumor from control mouse Tumor from control mouse 
Supplementary material
Supplementary material can be found at: http://www.carcin. oupjournals.org/.
